and Diadectes (Broom, 1910 (Broom, , 1914 Case, 1911; Huene, 1913; Gregory, 1946; Olson, 1947 Olson, , 1950 Lewis and Vaughn, 1965) , the best known and most important representatives of Limnoscelidae and Diadectidae. As yet, no one has challenged the only detailed description (Moss, 1972) of Tseajaia campi, the sole member of the Tseajaiidae.
Despite the diversity of the taxa that have been included in the Diadectomorpha and with the exception of the work of Carroll (1969a Carroll ( , 1969b Carroll ( , 1970 , the consensus of a long series of studies (Case, 1911; Gregory, 1946; Olson, 1947 Olson, , 1950 Heaton, 1980; Heaton and Reisz, 1986; Gauthier et al., 1988; Panchen and Smithson, 1988 ) is that the diadectomorphs are related to the more primitive seymouriamorphs on the one hand and the more derived amniotes on the other. The precise nature of the relationships, however, has been difficult to evaluate. Sutural patterns in the temporal region have played a pivotal role in determining the relationships of taxa involved in the origin and radiation of early amniotes. Both and Carroll (1969a) have pointed out that all amniotes lack an intertemporal bone. Whereas interpretation of most of the skull of Diadectes has been fairly consistent through the past century, the temporal and occipital regions have proven difficult to interpret due to the apparent fusion of the sutures and the spongy texture of the bone. The result, as noted by Olson (1950, p. 63), is that "every reasonable interpretation of the temporal region has been suggested at one time or another" for Diadectes.
In two influential studies Olson (1947 Olson ( , 1950 proposed the presence of a complete temporal series in the skull roof of Diadectes that included the intertemporal, as well as the supratemporal and tabular. For Olson (1947) the presence of an intertemporal barred Diadectes from close association with true amniotes, a group he termed the "eureptilia." The proposed presence of an intertemporal supported his contention that diadectids were better placed with turtles, pareiasaurs, and procolophonians as the "parareptilia." Olson (1966) has since modified his views of a close relationship between diadectids and turtles and has indicated that the parareptilia is better reserved as a conceptual term for amphibians close to the reptilian grade of organization, rather than as a taxonomic entity. Nonetheless, the presence of an intertemporal still ruled against grouping diadectids with amniotes. In contrast, argued that Diadectes appears to be similar to amniotes in, by his interpretation, lacking the intertemporal via its incorporation into the parietal to form a laterally directed lappet.
Among the diadectomorphs (sensu Heaton, 1980) the occipital elements of the braincase and the closely applied dermal postparietal and tabular bones are well known only in Limnoscelis. Fracasso's (1987) interpretation of the unusual structure of the occiput of Limnoscelis is, notwithstanding some errors 481 (Berman and Sumida, 1990), basically accurate. Fracasso pointed out what he believed to be significant features of the occipital region that he indicated were common to diadectomorphs and primitive synapsid mammal-like reptiles. At that time, however, the temporal-occipital region of Diadectes was very poorly understood and that of the only described specimen of Tseajaia poorly preserved (Moss, 1972) . Therefore, a thorough understanding of the temporal and occipital regions of all three genera would be useful for assessing the phylogenetic relationships of the Diadectomorpha, as well as the interrelationships of its constituent families. Regardless of the general acceptance of the composition of the Diadectomorpha and the importance accorded it as the presumptive sister group of amniotes, its usefulness in determining amniote interrelationships is extremely limited until the member taxa can be clearly characterized. This study focuses mainly on reinterpreting the very poorly known sutural patterns of the temporal and occipital regions of the skull of Diadectes. For the purpose of analysis of diadectomorph relationships attention is also given to the reinterpretation of the same regions in Limnoscelis and Tseajaia, also a subject of some controversy. (Figures 1-4) . The right side of the skull roof is preserved and the incomplete right lower jaw is exposed in lateral view. The occiput is nearly complete, though the condyle is hidden by elements of the atlantal vertebrae. The premaxillae are absent and much of the surface bone of the snout has spalled off. The posterolateral portion of the supratemporal is lost, but its extent is easily traced by either a remaining impression or a thin veneer of bone. Most of the ossified right tympanic region remains. There are indications that CM 25741 represents an immature specimen. All of the sutures of the skull roof are not only traceable but open, with some elements having even become slightly disarticulated. The high degree of relief of the skull roof created by well-developed, sharply defined prominences and channellike grooves is apparently correlated with immaturity (see below). Its small size (skull length about 16 cm) is also consistent with immaturity. The second Diadectes specimen studied, CM 38047, consists of numerous articulated and disarticulated skull bones. This specimen is from an animal of approximately the same size as CM 25741 and can be judged as immature for similar reasons. Among the remains of this specimen important to this discussion are an articulated frontal, parietal, and postfrontal from the right side of the skull and an isolated left frontal that can be joined precisely to its mate (Figures 5, 6) . A reconstruction of the skull roof and occiput of Diadectes based mainly on CM 25741 is presented in Figure 7 .
MATERIALS
The frontals are narrowly rectangular and border posteriorly the central portion of the anterior margin of the paired parietals. In CM 38047 a deep channel runs the anteroposterior length of the bone, with short side channels that create small, well-defined but irregular prominences. The paired parietals cover a transversely broad, subrectangular area except for a step-like emargination of the anterolateral comers for the postfrontals. The resultant rectangular, lateral extension of the parietal posterior to the postfrontal is the lateral lappet of the parietal. The entire lateral margin of the lateral lappet contacts the postorbital, whereas its posterior margin contacts the supratemporal. There is a posteriorly directed, spike-like jog in the parietal-supratemporal suture, which is also identifiable on skulls of mature individuals (AMNH 4839, FMNH UR27). The central portion of the posterior border of the paired parietals contacts an apparently single median postparietal. The parietal opening is very large, resulting in short fore and aft midline contacts of the parietals. In CM 25741 and 38047 an essentially identical pattern of five prominent grooves radiate from a point near the center of the parietal. One of these continues anteriorly on the postfrontal along its posteromedial contact with the parietal and gives offat least two grooves that extend a short distance laterally on the postfrontal.
The postparietal is a single, roughly trapezoidal element, with its breadth being nearly twice its midline length. It contacts the supratemporal laterally and the supraoccipital portion of the occiput posteriorly. Approximately the anterior two-thirds of the postparietal is positioned on the posterior portion of the skull table that slopes moderately posteroventrally to the occiput; the posterior third is incorporated into the occipital plate.
The postorbital is a large bone with extensive, mainly serrate contacts with the postfrontal anteriorly, the lateral lappet of the parietal dorsomedially, the supratemporal posterodorsally, and the squamosal posteroventrally. Ventrally and on the orbital margin the postorbital and jugal have a very narrow contact. The lateral lappet of the parietal and the squamosal are well separated by a broad postorbital-supratemporal contact.
The supratemporal is the most extensive element of the posterior skull table and is also very thick. In CM 25741 only the right supratemporal is well represented, lacking mainly only the posterior horn-like extension. The extent of the missing hornlike extension, which is clearly discernible in well-preserved skulls (AMNH 4839, FMNH UR27), can be traced by a combination of an impression and remaining veneer of bone on the underlying tabular. Anteroventrally the supratemporal has a broad, overlapping suture with the dorsal margin of the squamosal. Posterior to that suture the supratemporal narrows in breadth as it curves ventrally to form the posterior horn-like extension. The lateral margin of the horn-like extension forms the dorsal border of the temporal notch, whereas its medial margin arches dorsomedially to become the ventral margin of a thick, rectangular, medially directed occipital process. The occiptal process overlaps the dorsal margin of the supraocciptalopisthotic complex, while contacting and probably also narrowly overlapping the ventral margin of the postparietal to reach within a short distance of the skull midline. In a specimen (CM 47665) of the somewhat more primitive and nearly identical Pennsylvanian diadectid Desmatodon hesperis, reported the presence of paired fenestrae that are bordered dorsomedially and ventromedially by the postparietal and the supraoccipital-opisthotic complex, respectively. The complete left fenestra was shown as being bounded laterally by the tabular, which in turn is bordered laterally by the supratemporal; however, a thin groove was tentatively identified as the suture separating these two bones. Vaughn (1972, p. 20) , the partial skull (CM 47665) in which this feature is described very probably belongs to an immature individual, judging from the almost complete lack of ossification in the region of the otic labyrinth and by its close association with a juvenile maxilla.
Only the right tabular is preserved in CM 25741 and except for possibly slight weathering is essentially complete. As it appears in Figures 1 and 2 , the lateral half of its exposure is the result of loss of the overlying posterior horn-like extension of the supratemporal. Relative to other elements of the skull roof, the tabular has obviously undergone considerable reduction. As indicated in the skull reconstruction of Figure 7 , the tabular has a somewhat lozenge-shaped, posteromedially facing exposure, medial to the distal end of the horn-like extension of the supratemporal. It is possible that the ventral margin of the tabular was visible in lateral view of the skull. The medial margin of the tabular narrowly overlaps the lateral margins of the paroccipital process and the supraoccipital portion of the occiput. The tabular has the appearance of being incorporated into the lateral margin of the occipital plate of the braincase in that its exposed surface has the same coarse texture as the plate and faces posteromedially.
No suture demarking the supraoccipital-opisthotic contact can be found in CM 25741. There is a very small opening on either side near the lateral margins of the supraoccipital-opisthotic complex; that on the right is crescent-shaped and apparently within the complex, whereas that on the left does not appear to be bounded laterally by the complex. These openings occupy the precise position normally identified in more primitive vertebrates as the posttemporal fenestrae, and it is presumed that they would be lost in the adult stage of development. The contacts between the exoccipitals and the probable opisthotic portions of the occiput are quite clear, revealing that the probable supraoccipital portion of the occiput formed the dorsal margin of the foramen magnum. The dorsal processes of the exoccipitals not only bound the lateral, but their bases seemingly also formed the ventral margins of the foramen magnum. It is presumed that the supraoccipital-opisthotic suture would have occupied the standard amniote position, extending dorsolaterally from the dorsolateral margin of the foramen magnum just above the contribution of the exoccipital and ending at or near the medial margin of the presumed posttemporal fenestrae. If true, then the reduced tabular has contacts with both occipital elements. Two important contradictory hypotheses for the relationships of primitive late Paleozoic amniotes have been proposed. Carroll and co-workers (Carroll, 1964 (Carroll, , 1969a (Carroll, , 1969b (Carroll, , 1969c (Carroll, , 1970 (Carroll, , 1982 (Carroll, , 1986 The absence of an intertemporal bone and the correlated presence of a distinct lateral lappet of the parietal found in all diadectomorphs is derived (1) relative to Seymouria, as well as all anthracosaurs, which possess an intertemporal bone and lack a lateral lappet of the parietal (0). Pelycosaurs, captorhinomorphs, and Petrolacosaurus also lack an intertemporal bone, but only in pelycosaurs is the configuration of the parietal such that a lateral lappet can be confidently identified. The one possible exception of note among the primitive pelycosaurs is Eothyris . In captorhinomorphs and Petrolacosaurus, on the other hand, there is no distinct lateral lappet of the parietal. It seems very probable that an expansion of the posterior lateral margin of the parietal, so that the paired parietals now occupy almost the entire subrectangular area of the skull table, has disguised the presence of a lateral lappet. In Petrolacosaurus the lateral extent of the parietal has been somewhat reduced by the lateral emargination of the parietal by the upper temporal fenestra. The parietals of captorhinomorphs and Petrolacosaurus are, therefore, interpreted in this analysis as possessing a lateral lappet. Among the caseasaurs it is not known whether an otic trough is present in Oedaleops or Eothyris due to poor preservation, but it appears to be present in Casea. A well-developed otic trough formed by the opisthotic that is identical in detail to those of Diadectes and Limnoscelis is known to be present in some eupelycosaurs (e.g., Dimetrodon and Edaphosaurus; Romer and Price, 1940). An otic trough is, therefore, considered to have been ancestrally present in pelycosaurs. An otic trough is primitively absent in all captorhinomorphs and in Petrolacosaurus.
Character 6. Temporal notch. We accept the view that a temporal notch (Godfrey et al., 1987) between the cheek and skull table is primitive for anthracosaurs (Bolt and Lombard, 1992 ). Presence of a notch does not imply the presence of a tympanic ear. Two derived states of the temporal notch are recognized relative to the primitive state of a small, dorsal notch (0) in Seymouria and all anthracosaurs: state 1, the absence of a notch, as characteristic of Limnoscelis, pelycosaurs, captorhinomorphs, and diapsids; and state 2, a greatly expanded notch that occupies most of the posterior margin of the cheek dorsal to the jaw joint, which characterizes Diadectes and Tseajaia.
Character 7. Tabular-opisthotic contact. The absence of a contact between the tabular and opisthotic in protorothyridid captorhinomorphs (captorhinids lack a tabular) and Petrolacosaurus is undoubtedly a derived state (1) that sets them apart from Seymouria and anthracosaurs, diadectomorphs, and pelycosaurs, in which this contact is primitively present (0). Only The presence of a narrow occipital exposure of an ossified supraoccipital, as seen in primitive pelycosaurs, captorhinomorphs, and Petrolacosaurus, is therefore considered a derived state (1) relative to its primitive absence (0) in Seymouria and anthracosaurs. In Diadectes and Limnoscelis the supraoccipital is further derived in being greatly expanded laterally well beyond the otic capsule and joining with the opisthotic to form a complete bony barrier between the chamber for the mandibular adductor musculature and the occipital musculature of the cervical region (2). Though the supraoccipital-opisthotic suture cannot be identified in Tseajaia, its large, ossified occipital plate strongly suggests the presence of a large supraoccipital. A laterally expanded supraoccipital does occur in the advanced eupelycosaurs, where it typically forms well-developed lateral processes which encroach partially on the area otherwise occupied by the opisthotics. In the primitive caseasaur pelycosaur Eothyris and probably in Ophiacodon, however, the supraoccipital is narrow and lacks lateral processes, and the opisthotics are relatively larger. For this reason the derived state 1 is considered to be ancestral for the pelycosaurs.
Character 9. Anterior cristae alares of supraoccipital. Heaton and Reisz (1986) noted that Eocaptorhinus, the protorothyridid Paleothyris, and Petrolacosaurus possess the shared-derived feature of anteroventrally directed cristae alares of the supraoccipital that separate the chamber for the mandibular adductor musculature from the cranial cavity (1). In contrast, the supraoccipitals in diadectomorphs and pelycosaurs, regardless of their lateral development on the occiput, primitively lack cristae alares, and the adductor chamber and cranial cavity are separated by the otic capsule, primarily the prootic portion (0).
Results and discussion. -The above character analysis allows the assessment of the phylogenetic relationships among the Diadectomorpha and its constituent families Diadectidae, Tseajaiidae, and Limnoscelidae, Pelycosauria, Captorhinomorpha, Petrolacosaurus, and their descendants. A cladistic analysis utilizing the branch and bound algorithm of the computer program PAUP was used to determine the most parsimonious tree(s), as defined by the data matrix of Table 2 1 and 8, respectively) . Acceptance of diadectomorphs as the sister group of all amniotes, however, does not require nor rule against assignment to Amniota.
Because the phylogenetic hypothesis proposed by this study is based solely on temporal and occipital characters, it may not be considered strongly documented. However, the number of supporting characters is sufficient to judge it a reasonable alternative to previous hypotheses.
From the descriptions and character-state analysis above it is possible to note four autapomorphic characters of Diadectes not previously recognized in the literature: 1) loss of contact between the postparietal and tabular; 2) supratemporal possesses well-developed occipital process that contributes to the occiput; 3) tabular greatly reduced and incorporated into occipital plate of braincase, with a coarsely textured surface that faces posteromedial; and 4) skull roofing bones thick and porous, with network of deep, smooth, U-shaped channels or grooves. These and other unique cranial characters of Diadectes, such as its dentition and middle ear structure (Olson, 1966), clearly indicate that it is the least appropriate member of the Diadectomorpha to be used as the sole outgroup for analysis of amniote interrelationships (Brinkman and Eberth, 1983). tum 1 (i.e., marsupials, edentates, condylarths, astrapotheres, xenungulates, notoungulates, litopterns) were first recorded in these faunas. However, the phylogenetic relationships of these groups among themselves and with groups of similar and earlier age elsewhere in the world were either unknown or only tenuously established. It was not known if some or all these groups evolved in situ in South America from long-established Cretaceous stocks, or if some or all came from stocks that dispersed to South America from elsewhere (i.e., North America, Africa, or Australia via Antarctica) in Early Paleocene time. It was long xenungulates, notoungulates, litopterns) were first recorded in these faunas. However, the phylogenetic relationships of these groups among themselves and with groups of similar and earlier age elsewhere in the world were either unknown or only tenuously established. It was not known if some or all these groups evolved in situ in South America from long-established Cretaceous stocks, or if some or all came from stocks that dispersed to South America from elsewhere (i.e., North America, Africa, or Australia via Antarctica) in Early Paleocene time. It was long
